Enhancement and Application of Overset Grid Assembly  by Jingjing, Fan & Chao, Yan
Chinese
Journal of 
Aeronautics
Chinese Journal of Aeronautics 23(2010) 631-638 www.elsevier.com/locate/cja
Enhancement and Application of Overset Grid Assembly 
Fan Jingjing, Yan Chao* 
National Laboratory of Computational Fluid Dynamics, Beijing University of Aeronautics and Astronautics, Beijing 100191, China 
Received 30 December 2009; accepted 14 April 2010 
Abstract 
In this article, the overset grid assembly method is improved to efficiently solve several critical problems that occur when ap-
plying overset grids to the complicated geometries and moving body. First, instead of using the two-step searching (i.e. cut and
paste), a single-step searching method based on the grid cell size is proposed to modify holes and optimize the grid overlapping
automatically. Second, discrepancies between the wall surface representations, where the grids overlap, are handled by introduc-
ing the wall’s normal directions to the hole-map and projecting the interpolated points on the recipient mesh into the donor mesh. 
Finally, the dynamic overset method is modified to address the complex moving body problem. At every time step, the initial 
hole surface of the previous time step is dynamically adjusted to accomplish hole cutting and avoid the time consuming 
hole-map procedure. Numerical experiments show that the enhanced overset grid assembly method obtains satisfactory results. 
Keywords: overset grid; hole-map; hole-surface optimization; surface grid overset; dynamic overset 
1. Introduction1
The overset grid method [1], which is also known as 
the chimera grid technique, segments a complex com-
putational domain into small and simple regions. It 
allows independent generations of grids and couples 
the fluid’s information via the simple linear interpola-
tion at overlapped surfaces. Moreover, the overset grid 
gets rid of the restriction of structured grids’ topology 
and thus, for arbitrary complex geometries, grids with 
different topologies can be generated independently. 
That remedies the structured grid’s disadvantages of 
processing complex geometries and significantly re-
duces the difficulty of gird generation. Therefore, it 
has been widely used for many years [2-4].
The main goal of the overset grid method is to con-
struct relationships between grid blocks. The method 
consists of two important processes, hole cutting and 
interpolation. The aim of the hole cutting process is to 
identify hole points in a component grid. These hole 
points (e.g. points inside a body or behind the sym-
metric planes) are outside the computational domain 
and do not take part in the flow fluid computation. The 
aim of the interpolation process is to find the interpo-
lated grid points, that are adjacent to hole points, to 
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receive the information from donor grids by interpola-
tion. PEGASUS 5[5] and SUGGAR[6] are two represen-
tative overset grid assembly codes. The codes of PE-
GASUS family were developed for structured grids and 
have been mainly used in static simulations. The 
SUGGAR code, which targets at the simulation of mov-
ing body, can generate overset composite grids from 
structured, unstructured, and general polyhedral grids. 
There are several problems when using the overset 
grid method to calculate the complex geometries and 
moving body. First, after the hole cutting process, re-
cipient points are adjacent to the wall surface. That 
results in large overlap zones between neighboring 
grids, moreover, that might make the interpolation of 
hole recipient points lie in the high gradient area of the 
flow fluid and cause the size of recipient cell and do-
nor cell differ greatly. Thus, the computational effi-
ciency as well as the solution accuracy could be sig-
nificantly affected. Second, when overlapping wall 
surface grids with each other, because of their differ-
ences in the geometric discrepancy, the surface curva-
ture, and the smoothness of the wall boundary, the 
mismatch of wall surfaces may happen. Third, for the 
moving body simulation, since the overset grid assem-
bly should be performed at every time step, an effi-
cient processing is required. In this article, several im-
provements with respect to the overlap optimization, 
wall surface grid overset and dynamic overset for 
moving body are developed to solve these problems 
and the application of the enhanced overset assembly 
is also presented. Open access under CC BY-NC-ND license.
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2. Overview of Overset Grid Method and Numeri-
cal Approaches 
2.1. Hole cutting 
A key step of the overset grid assembly process is 
hole cutting, whose aim is to identify the hole points 
within grids, which are points outside the domain we 
interested (e.g. points inside the wall, the symmetry 
plane, or the specified face of another grid zone). Grid 
points inside the hole surface should be marked out 
and should not be involved in flow computing. Actu-
ally, the hole cutting process is a procedure of gener-
ating enclosed curved faces, judging relationships be-
tween space points and the geometrical curved surface, 
and creating inner interpolation boundaries for the 
overset technique. 
In this article, we directly use the body surface as 
the hole cutting surface and apply a hole-map algo-
rithm to accomplish hole cutting. The hole-map algo-
rithm (demonstrated in Fig.1) first projects the hole 
surface to accessorial Cartesian girds and then obtains 
an approximate hole cutting face consisting of Carte-
sian grids. The body surface is encompassed and di-
vided by uniform Cartesian grids, which are marked as 
the outer cell, inner cell, or fringe cell according to 
their positions with respect to the body surface. Thus, 
a Cartesian mapping set is obtained. The hole-map 
technique assumes that cells located in the perimeter of 
the Cartesian zone are marked as outer cells, and then 
advances inward. The position relation between the 
hole surface and any grid points in the computational 
domain can be easily obtained as follows: if a grid 
point is among the outer cells, then it must be outside 
the hole surface and it is named as field point; other-
wise, if a grid point is among the inner cells, then it is 
a hole point. 
Fig.1  Hole-map algorithm. 
2.2. Fringe points specification 
Fringe points include outer boundary points and 
hole fringe points. Outer boundary points consist of all 
the points that are not specified as physical boundary, 
such as wall, farfield, symmetry plane, and so on. Hole 
fringe points are the grid points adjacent to hole 
points. The fringe point specification performs in three 
steps as follows: 
(1) During the hole cutting process, mark the hole 
points and field points. 
(2) All the field points next to the hole points are 
specified as the first layer of hole fringe points (frg1), 
and all the field points next to the frg1 points are speci-
fied as the second layer of hole fringe points (frg 2). 
(3) All the grid boundary points which are not speci-
fied as physical boundaries are identified as the first 
layer of outer boundary points (sfg1); all the field 
points next to the first layer of outer boundary points 
are specified as the second layer of outer boundary 
points (sfg 2). 
2.3. Donor cell identification 
The overset technique needs to search for donor 
cells repeatedly. To improve the overall efficiency, our 
algorithm utilizes the ADT(Alternating Digital Tree) 
tree[7] data structure as well as the stencil walk[8]
method. Donor cells are identified by the following 
procedures. First, build the ADT tree for each grid set. 
Then, select an interpolating point and judge whether 
or not it intersects with the encompassing box of the 
ADT tree’s root nodes in other grid sets, and if so, the 
interpolating point is further considered to judge if it 
intersects with the encompassing box of the ADT 
tree’s child nodes. The procedure is repeated recur-
sively to search for all possible encompassing boxes 
corresponding to the interpolating points. At last, we 
use the stencil walk method to precisely estimate 
whether a possible encompassing box is the donor cell 
of the interpolating point. 
2.4. Numerical approaches 
In this article, the three-dimensional compressible 
thin-layer Navier-Stokes equations are adopted for 
efficient flow analysis, while for spatial discretization 
Roe’s FDS method is applied. The MUSCL (Monotone 
Upstream-centered Schemes for Conservation Laws) 
interpolation method and the Van Albada limiter are 
used to obtain a second-order spatial accuracy. For the 
accurate representation of turbulent flow field, the 
Baldwin-Lomax algebraic model is appended to the 
flow solver. For the temporal discretization of un-
steady flow field, dual time stepping is employed to 
obtain a second-order accuracy. Last but not least, we 
utilize the Lower-upper Symmetric Gauss-Seidel 
(LU-SGS) scheme as the implicit time integration 
method. 
3. Improving Overset Grid Method 
From the sections described above, it can be seen 
that the overset technique in this article is highly auto-
matic. Both the hole surface and overlapping zones are  
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constructed without any interaction with human being. 
Despite the aforementioned merits, it is still necessary 
to improve this overset technique in several aspects 
including the hole surface optimization, wall surface 
grid assembly and dynamic overset methods. 
3.1. Overlap optimization 
In order to enhance the flow simulation accuracy, 
the overlapping zone should have minimized size and 
should be far away from the wall surface. That moti-
vates the investigation of hole surface optimization 
techniques. The typical methods include the cut-paste 
algorithm[9] and the optimization technique used in 
PEGASUS 5[5]. The improved overlap optimization 
method proposed here is based on the cut-paste algo-
rithm. The original cut-paste algorithm implements 
iterative cut and paste procedures to decide the final 
hole surface position of the overlapping zone that is 
guaranteed to be minimized. However, in practice, the 
paste procedure often makes grid points enter the wall 
surface due to the failure in searching for some hole 
fringe points[10], as shown in Fig.2. 
Fig.2  A demonstration of cut-paste algorithm failure. 
J. J. Fan, et al.[10] proposed two methods, the vertex 
method and the volume method, to resolve the above- 
mentioned problem of traditional cut-paste algorithms. 
More specifically, the vertex method is based on the 
grid cell vertex state and the volume method is based 
on the grid cell size. These two methods change the 
two-step searching (i.e. cut and paste) method to a sin-
gle step searching method to optimize the hole surface. 
Our one-step optimization algorithm, which adopts 
the volume method and using the cell size as the mov-
ing criterion of hole fringe points, can be accom-
plished in the following steps: 
(1) Search for field points (fix) which is next to hole 
fringe points (frg) or mediate points (min), then search 
for the donor cell of the corresponding fix points; If 
the volume of the donor cell is less than that of the fix 
point cell, then the fix point is changed to a mediate 
point, whose donor cell is somehow preserved. The 
above procedure is terminated when no new fix points 
can be changed to min points. 
(2) Check the donor cell of all the min points to 
make sure that the vertices of interpolation points only 
contain fix points. In this way, the interpolation accu-
racy of hole fringe points can be satisfied.  
(3) Find the min points adjacent to the fix points, 
and define them separately as the first layer of hole 
fringe points (frg1) and the second layer of hole fringe 
points (frg 2). Afterwards, all other min points are 
converted to hole points and then their interpolation 
relations are released. For more details about the vol-
ume method, refer to Ref.[10]. 
Figs.3-5 show our hole surface optimization results 
of a six-cylinder set, a moving flap of an airfoil/flap 
configuration, the KSR-ċ core and the booster con-
figuration, respectively.  
Fig.3  Overset optimization of a six-cylinder set. 
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Fig.4  Overset optimization of an airfoil/flap set. 
Fig.5  KSR-ċcore and booster set overset optimization. 
As can be seen, the improved hole surface optimiza-
tion algorithm is able to minimize the overlapping 
zone and keep the overlapping zone away from the 
wall surface or high gradient flow field. Moreover, the 
problem illustrated in Fig.2 can be avoided, and the 
Mach number counters of the two-element airfoil, 
pressure counters of the core and the booster configura-
tion also demonstrate that the field data transit between 
the overset regions correctly. 
3.2. Surface grid assembly 
Usually, it is difficult to generate grids around the 
wall surface if the body has a complex shape. There-
fore, the surface grid assembly has been introduced to 
address this problem. In principle, during the generat-
ing process of overlapping grids, each child grid set 
can be handled independently by ignoring the exis-
tence of other grid sets. However, when considering 
the surface grid assembly, the so-called “surface mis-
match” problem may occur due to the inconsistent wall 
surface description of each grid set, which is caused by 
wall grids’ differences in geometric error, curvature 
resolution, smoothness, and so on. This is further illus-
trated in Fig.6. Generally, grid points are the linear 
approximations of a bent wall, and different grid sets 
cannot achieve consistent approximations. Therefore, 
some surface points have no donor cells and some 
points turn into isolated points, while some other sur-
face points find the inappropriate donor cells, which 
are far away from the body surface. Thus, unaccepta-
bly large errors may be introduced into the fluid 
computation. 
Fig.6  Surface mismatch problem between two grids. 
N. A. Petersson[11] proposed a global variable H,
which is denoted as the boundary mismatch discre- 
pancy, as well as a mismatch error formula to balance 
the influence of the mismatch to the trilinear isoperi-
metric interpolation. PEGSUS 5[5] adopted a projection 
method, which is based on the PROGRD code. 
Because the mismatch can be considered as some 
kinds of errors and the hole-map method employs 
Cartesian grids to approximate the body surface, the 
discrepancy effect is somehow admitted. The hole-map 
technique labels Cartesian cells as outer, inner and 
fringe cells according to their position relationships 
with the body surface. When two sets of grids (A and 
B) overlap, assume that there is no wall surface over-
set, if a grid point in A is inside the inner and fringe 
cells of the wall hole-map of B, it is then identified as 
the hole point, otherwise, it is a field point. However, 
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when the wall surface overset is considered, points in-
side the hole-map fringe cell should be further investi-
gated, as shown in Fig.7, where n denotes the wall nor-
mal of the surface that intersects with the fringe cell and 
r is the vector pointing from wall face center to a grid 
point in A. If n·r>0, the grid point is a field point, 
while if n·r < 0 , it is indentified as the hole point. 
Fig.7  Definition of wall fringe point. 
For surface interpolating points, we first build an 
ADT tree for all the surfaces of each object, and then 
use the ADT tree to find the possible donor cells of 
surface interpolating points. Afterwards, all possible 
donor cells are investigated using the stencil walk me-
thod, meanwhile surface norms are held constant. The 
interpolating coefficients [, K and ] corresponding to 
x, y and z directions are computed by the trilinear 
interpolation method. The coefficient corresponding to 
the surface norm represents the distance from recipient 
points to the wall surface contained in the donor cell, 
and it is set to zero to make sure that the surface re-
cipient points are interpolated only using the four sur-
face points of the donor cell, which is equivalent to 
projecting surface recipient points onto the wall face of 
the donor cell. At the same time, other recipient points 
along the surface normal should move towards the 
surface in a certain distance, which should be the pro-
jection distance of the surface recipient, namely, the 
interpolating coefficient corresponding to the surface 
normal. Accordingly, surface recipient points and all 
the recipient points along their normal can receive in-
terpolating results from appropriate donor cells. 
Fig.8 shows the surface grid overset result for a cu-
bic intersecting with six cylinders, while Fig.9 displays 
the blunt head surface grid overset and the symmetry 
grid overset. An example concerning the surface over-
set of a missile body and its rudder is demonstrated in 
Fig.10. All these examples verify the effectiveness of 
our improved surface grid overset method that always 
minimizes the size of the overset zone. 
3.3. Dynamic overset method 
For the static body, grid overlapping only performs 
at the initial stage of the method, while for the moving 
body the grid assembly should be implemented at every 
time step. When the grid size is large, the hole-map pro-
cedure and the repeated donor searching in overlap 
Fig.8  Plane surface grid overset between a cubic and  
cylinders. 
Fig.9  Blunt head surface grid overset and symmetry grid 
overset.
Fig.10  Surface overset of a missile body and a rudder. 
optimization are both time-consuming during the 
overset grid assembly. In order to enhance the effi-
ciency of the overlapping process at every time step, 
we develop a new dynamic overset approach. This new 
method only performs the hole-map procedure once at 
the initial stage and implements the hole cutting by dy-
namically modifying initial hole fringes at every time 
step. The dynamic donor identification is executed every 
time step using the information generated in the 
pre-processing step to find the donor cells quickly. Due 
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to the application of dynamic overset method, our over-
set grid assembly becomes more efficient. 
The dynamic node blanking process using two grid 
blocks, Grid A and Grid B, is demonstrated in Fig.11, 
where the circle denotes the hole point and the square 
denotes the field point. Fig.11(a) shows that the Grid 
B, a moving body, causes the node blanking of the 
Grid A. Form Fig.11(b), we can see that, after a time 
step and with the movement of the Grid B, the status of 
these two grids blocks. In this figure, the blanking 
status of two nodes has been changed. The node on the 
left of the Grid A, which was previously a field node, 
is now a blank node and the other one on the right of 
the Grid A that was formally a blank node is now a 
field node. To sum up, the status of blank points can be 
changed according to the time variation in the moving 
body computation. 
Fig.11  Schematic of a hole point at different stages. 
Typically, for the moving body dynamic calculation, 
the stability of the temporal advance restricts the 
movement of grids, such that the overset nodes cannot 
move more than one or two cells away from a previous 
donor cell at any time step. Therefore, the positions of 
hole-fringe points can be located by the dynamic posi-
tion change of recipient points after overlap optimiza-
tion at the previous time step. However, when the 
moving bodies are close or the time interval is large, 
the dynamic overset process starting from an opti-
mized hole-fringe location may fail. To make this 
process robust, the original method is modified to start 
from the initial hole-fringe location of the previous 
time step. Our algorithm, which dynamically deter-
mines the blanking status of the nodes in a grid block, 
is depicted in Fig.12 and details are described as fol-
lows: 
Fig.12  Dynamic overset method.
(1) Store initial hole points at the time step t, which 
are identified via the hole-map process, as shown in 
Fig.12(a). 
(2) Change all grid points to field points at the time 
step t+'t and create a new hole-map for the moving 
body, as shown in Fig.12(b). Fig.12(c) shows the posi-
tions of initial hole points at the time step t+'t.
(3) Identify the status of initial hole points: for ex-
ample, point A is a hole point at the time step t. Then at 
the time step t+'t, if the point is a hole point then mark 
it as the hole point; otherwise denote it as the field 
point, as shown in Fig.12(d). 
(4) Identify the status of the field point which is ad-
jacent to the hole points in step (3), if the point is a 
hole point then mark it as the hole point; otherwise 
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keep its status as the field point. The iteration is termi-
nated when none of the new field points is indentified 
as the hole point. Thus, the new initial hole boundary 
is formed at the time step t+'t, as shown in Fig.12(e). 
(5) Mark the field point as the first hole fringe point 
if it is adjacent to the hole point. Then mark the field 
point as the second hole fringe point if it is adjacent to 
the first hole fringe point. After that, run the overlap 
optimization procedure and accomplish the overset 
grid assembly at the time step t+'t, as shown in 
Fig.12(f).
The dynamic overset method is carried out using the 
above five steps. Unlike the original approach, it is not 
necessary to do the hole-map process at every time 
step. This dynamic overset process significantly im-
proves the efficiency of the overset grid processing, as 
the hole-map process is very time-consuming espe-
cially when a large grid is needed. The moving body 
problem can be solved by coupling together the dy-
namic overset procedure, the CFD (Computational 
Fluid Dynamics) solver, and a motion controller such 
as a six degree of freedom (6DOF) trajectory predic-
tion formula. Take the NACA0012 airfoil pitching 
case[12] (see Fig.13) for example, Fig.13(a) shows the 
overset grids between airfoil grids and background 
grids, Fig.13(b) and Fig.13(c) show the coefficients of 
Fig.13 Overset grid and computational result of NACA0012 
airfoil.
normal force CN and pitching moments Cm vs. angles 
of attack D, respectively. We observe that our compu-
tational results correspond well to the experimental 
data. Fig.14(a) and Fig.14(b) demonstrate, respec-
tively, the overset grids and Mach number contours for 
a missile and its head shield separation at time 
t = 2 ms. Fig.14(c) and Fig.14(d) show the overset 
grids and Mach number contours at time t = 12 ms. As 
can be observed from this example, Mach number 
contours transit smoothly and the field data transit 
between overset regions are correct. Those two cases 
demonstrate the effectiveness of our dynamic overset 
method in solving the moving body problem. 
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Fig.14  Overset grid and Mach number counter of missile 
and head shield separation.
4. Conclusions 
This article proposes three enhancements for the 
original overset grid assembly method to efficiently 
address the problems of overlapping grids used in the 
complex geometries and moving body computation. 
First, the overlap optimization technique, which 
automatically optimizes the overset region, is deve- 
loped to make the final hole boundary locate at the 
position with small discrepancy in grid size and suc-
cessfully solve the assembly of the overset grid system 
between slit walls. 
Second, the hole-map method, the dot production of 
surface normal, and the radius vector from the wall 
surface center to a point are used to identify the status 
of points. Then, we generate the wall ADT tree and 
apply the stencil walk algorithm to find the donor cells 
that contain wall recipient points. By using these 
methods, we solve the wall mismatch problem existing 
in the wall surface grid assembly. 
Finally, the dynamic overset method is proposed to 
address the moving body problem. The method is ap-
plied to performing the hole cutting process by the 
dynamical modification of initial hole fringes at every 
time step. With the application of our dynamic overset 
method, the overset grid assembly can not only be 
processed efficiently, but also be utilized with coarser 
grids and larger time step intervals. 
The numerical results demonstrate that practical 
problems with complicated configurations or moving 
bodies can be efficiently resolved using the enhanced 
overset grid assembly proposed in this article. 
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